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Pee A Ce 


Meese teSiS provides a parametric analysis of three 
meeels tor diréct delivery ty a Nawal Supply Center (NSC) to 
a Naval Air Rework Facility (NA2F). The rodels include both 
memmeerted and unschnedcried deliveries. Parameters which were 
Seemed inciuded the ratio ot delay cost to delivery 70st 
umeeeeewnOrOCadDiLiITy of 4a repair part oeing demandec by 2 

\ 
Gemponent undergoing repair. The decisior variables were the 
Mimemcetween deliveries for scnéeduled celiveries and tre 
Deeer Of Units of an item deliverec for unschreculed 
deliveries. The impact on baemeecisiOn variables of varying 
Meer amMeyt ers was tne major focus of tne analysis. Tne 
results of the enalysis Suggest that scheduled delivery is a 
Pogg@eeeairect delivery strategy for an NSC to use in 
Supporting a NARF. However, the analysiS nas shown that the 
Gry ead total cost for alt mineemecomperaLyyec *tS very cCloce. 
Theretore, the tinal criterion for which alternative snould 


Gememeeemets E€fCSeCnticlliy ease of usage and implementation. 
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(et OuU CT ION 


meri eetne consolidation of wholesale surply support 
petween Naval Supply Centers (NSC) at Ca¥land, San TLiego, 
and Norfolk and their neizgnboring Naval Air Stations, the 
Eeeeepn on of oroviding supoly support ‘tor tlocal Néval Air 
Rework Facilities (NAPF) witn no degradation of tnat sunyvort 
[eee Primary concern. One possible answer is to provide 
on-site inventories at tne NARF. This nas tne advantages of 
femeeeeresponse tO customer needs, smaller trensportetion 
costs, and smaller CU sheme Tr delay SOS tS. and tre 
Seeememrantaee of increased costs of maintdinine a separate 
Meeeeory. Another possibility is surport of tne NARF by 
Gueeeer delivery from tne NSC witn no on-site invertorv. Anda 
Qiaeeeourse, eae combination of bnese two 1s ae ers 
eOcommer lity. 

feemoov.mum solution to tne problem ot supplying surport 
tO the NARE is a trade-off among customer needs, 
transportation costs and delav costs. McMasterse [Petr. 1] nas 
developed three direct delivery models aS a first Step in 
Geweerminine the best wey to Support tne NARF. Tne complexity 
a)ec the expected Oba cOote cOrmules tor all three 
Cmeernaulves requires 4a pnardmetric anelysis to understand 
PoemermpactS Of the various parameters. 


This thesis will present a summary ot the three medels, 











PPfGsteeeecommecdrametric andlvysis of tnem, and 4 ore ee 
@iscussior Sieeec@ewsmoaqels Urder 4a time corstraint. A 
peerrcoatlon t5 One of wRe models is tne€n introducec and 
Peery, Go attempt 1s made to determine wnich model is most 
“aeeecial to ithe NSC. Formulas for ali models will te 
peeeerr eo without derivations; however, complete derivatiors 


[miyepe tOund in McMasters [Ret. 1.]. 





me oun, OF TRE MODELS 


Meese cnapter summarizes a deterministic aemarc direct 
delivery model and three random demand rodels. The 
geterministic model anc its cerivatiior are rpresented to 
illustrate tne reasoning penind the random deérand models 
@memeeses presented in this tnesis. Since tne aeéetails of 
their derivations are presented in Heterence 1. only the 


Peeults are presented nere. 


Pee JS ERMINISTIC DEMAND 
memo eicaniG trom &@ customer occurs once every tire 
Meeeoe With certainty, it is said to he deterministic 
cemand. Let CY be the Poet SrOnemround t2lp trom a suoply 
GCemeer to th NARF. If a truck is dispéetcned every time a 
demand i5 received and processed, the cost to deliver each 
teen. . Li, NMowever, tne truck waits until &k writs nave 
been demanded and processed, the avera2ze delivery cost per 
UE t as 
Civ. 
meee urues WeaitS Until it is tull, Say 2 units, the 
Semeevery COSt Der unit is minimized at 
Ci7nh. 
-Owereteewirte KVR tS e@ecumulete, tne vnits éelreéeéay 


required tut undelivered accumulate delay costs ror the 





eerie ome trues walts for ££ units ts be accumulected end 
MeMCetTdy ss COSst ton ore Urit for one time period is CD, tne 
mmmcmmayera-C€ Gelay Cost can ce shown to ne 
Gay Cle 2. 
foeconmtirm this formula, assume one unit is needed every t 
imemeeeeeot time. If the truck waits for * units to accurulate. 
eet )«6©6nOt leave until (&-1)t. During tnis time tne units 
oeeered oUt not delivered ae accumulated delay. 
Me teerccitiy., tne first unit ordered et time t=¢ nas teen 
delayed (k-1)t time units, tne second unit or SSC re! 
nas been delaved (k-2)t time units, and s0 on until only tne 
kth unit ordered at (k-1)t has no delay. The total waitirg 
fe in periods of lengetn t, tnen is 
Meal) + {k-2) + (k-3) + ... + 1+ 4“, 
which can be written k(k-1)/e. Ynen this is multipliea cy 


eeoeecy §«€©6CCOSLCUCDeEr€6CUperiod, the result 1s the tctal celey 


eee) U2, 
eemeveseee delayecostepereunit Dowoeptainmed™ oy dividing bv 
Peemovoteer Of YUHIits, giving tne desirec formula 

eae) CD. 
Ppceemetaomie cverage Shipping= Cost end averege celady costs, 
the total average cost is 

Cre iieet 8{k-3)CD / 2. or 
Figure 1 presents tne total cost versrs tre numrer of 


units kK for the deterministic model. Although the curves arse 


12 
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De URC tie. oc 5: 


NUMBER OF UNITS 


foudl oct Curves for the 


Mocelowity CT=17¢. 


ie 


our 


Deterministic 





actually discrete, the points nave teen connected for 


Deemer ath sich  ciscrete cost curves, tne metnoc or 
Mmueere wo ftTerences is often employed to find an ortiral 
MMeEOnes SincS it is desired to minimize tne cost curve, 
Goemum < is that k such tnat 
| eam > cime< clesn), 
Seeeeevalentiy , the largest K sucn taat 

C= “Ce—-1) < YPoor 
the smallest k such that 

ie ea OCkt 1) < ¢. 
Using equation (1), the second ineauality above necomes 
eee Ort )/2 — (| CT/(k-1) + CD(k-2)/2 } < ¢ 

foe Can Casily be reduced to 

eco) <eoer/o0 .. 

This final relationsnip allows 4a verv simple computation 
to be made repeatedly until tne k iS found which satisfies 
poemmmememrrL?Onsnip. This metnod eliminates tne reuulrement of 
Pvewmicumne Cduatiorn (1) to searcn for optimum «. The only 
time equation 1) need be evaluated is after tne optimal x 
Pommard nea the total cost for tmat K 15 desired. 

[It iS important t9 note that because one demand is Known 
to occur every period, equation (1) is also tne averase cost 
Peemecemeodessin the Case of random demand, the Exnectea cost 
aeepestod iS appropriate for makine comparisons amcne tre 
direct celivery strategies to be presented below. 


Tne concept of a period is very important to the 


12 





tollowinge models. A period is detined as the time teween 
mmemmonms Of COMpOnents to ce repaired et tne NARF. For 
maeppermce, iif the NAPFF was Scheduled to overnaul twenty 
Sreemecmot type 4 in One qvarter, and if there were sixty 
wereeme, GayS in one quarter, the lerngtn of the veriod for 
tne random models wovld be @ days. Tnus, tne lengtn of a 
Semmoe 15 determined by the work scnedule at tne NARF. It is 
Seemed, thet the time spacing between demands for a repair 


momees CQUivValent to the time between inductions. 


BE. RANDOM DEMAND 

If a repair part is not demanded every time period, but 
[Teemeero 0D percent of them, the total cost formula will 
Gueeper trom GCauation (1) and is dependent upon tne delivery 
Strategy. Three appear appropiate to consider tor supply 
Summert of a NARF. Thnev are: 

1. The truck makes a delivery at the end of N 

Gemeroas Of time if there nes been at leasct one 

demand during the N periods. 

2. The truck makes a delivery as soon as demands 

have accCurulated to a specifiec number £. 

3. The truck makes a delivery in the (N-1)st period 

following tne first demand recsived after tne last 

delivery. 

inese avec alternatives meS Dear rvely ReOresent 


scneduled deliveries, unscneduled deliveries and a variart 
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Seeeoeeeauleeeceliveries where tne tirst derand marks the 
Pe weeOg espe Lire pnericd tetfore the next delivery. In 
peommcaoe, 2 Crmulas have been derived for tne expeted 
Semen cost per period é@nd tne expected total aelay [Fer. 
mmm ur jose Of the exoected total delay forrula is to 
wor « Lime constraint tc 6e@ imposed unon average 
mumeroomorlavy. "Or comparison purposes, tne expected rumrter 
memeromaeciivered under alternatives 1] and S$ and tne iumcter 
Meeeer rods retween deliveries uncer alterrative < heveé also 
Mecmeacrived. 
meoeternative i 


mremeveotal exdvected sverace cost ver period is 


N N 
meme (Cl i-(1-p) 9 «+ CD(N-2)}p | [-inli-(i-p)} |. (2) 
N _— | dh lL UN 
0) 


Tne expected number delivered under alternative i is 


N 
meet =—wnp / [i-{i=p)| . 7) 


"ne average erpected total aelay iS viven dy 
ETD = (N-1) / 2 (4) 
Pete nnhative < 
[tems tal avyere-c Expected cost per period is 
x Ge 
ECP(K) = CT Dav (Ro 1) pe (ip) Cnet) oe 
a 

The expected number ct perioas between deliveries is 

me) = <7. (é) 


And the average expected total delay is 
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eee enter native ¢ 
mee, total cyeTare Expectec cost 15 
oO ee 

me =|CT + CD(N-1) |(n-2)p + 1 piiqe? =) 
Poem CGteCrnative 2, tounds for eCyuation (£) nave ceeén 
emetoped and will be discussed later. Tn expectsc number 
Meet > delivered is 

Meee = 1 + (N-1)o. fo) 

Wememeaverare expected total delay is 


N 
YTD = (N=-2)/2 ule \i-oy yf gia 


Cee UTATICNAL APPRFCACH TO DeTRRMINING OPTIMAL VALU 


t+} 


5 
Myris section discusses the teckniyues usec to determine 
SeeeN an? K using the exvected cost ferrulas of tne last 
Semone ile the method of finite cefferences opredvcec a 
Seupeeemeecetation tO tacilitate the determination ofr thea 
[eeermemrer Of UNITS Or periods for tne deterministic 
MoG@eilss lt weaS not aS truittul tor the random deratd rodels. 
Tne resuits of the finite cifferences metnoa was at least as 
meomgmemeatead 25 €4ch ct the expected cost formvlas, so tne 
peepee eteo Costs) «euuations (2), (2°, and (8) were vsed in 
Meermoniae +Or the N or K value that minimized ther. 
Bion Or seGVaulon (2), tme total expected cost wer 


period EolT Peeve te presented no <comuutatiornal 


i 





problems. To determine the optimal number of units. N, for 
alternative 1, successive values of N beginning with N=i1, 
were aSSumed and equation (2) was then evaluated. USine the 
Somteepr Of finite ditferences, tne maximum N for whicn the 
total cost function continued to decrease was the optinur. 

For alternative 2, the same approach was used in 
Searchine for optimal kK. However, evaluation of the total 
cost formula, euuation (5), is tedious recause cf the 
infinite Sum. McMasters [Ret.1] conjectures that optimal X 
is the largest KF sucn tnat 

K(K-1) < 2pctT/cp 

or it 1s one larger tnan tnat K. Althougn McMasters was 
unable to prove thiS conjecture, cOmputational 2xperience 
Supports it. Using this inequality, two K values were 
determined and then used to evaluate equation (5). The XK 
value with tne minimum cost was the onotimum. Tne Ssnippire 
costs (CT) series in equation (5) was evaluated uSing an 
iterative metnod whicn was terminatec when tne rew term 
Sores c 12€SS than an additional .f¥7Z1 of the previous 
eo sum. 

In searching tor optimal N for alternative ~. the  Sare 
difficulty as with alternative 2 was created ry the infinite 
Sum in the total expected cost equation (&). McMasters [Re?t. 
1] also provides both an upper and lower bound tor optimal N 
under alternative 3. The upper bound for N iS the lareest N 


Sea that 
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Microw maee7pen|(GT/CD) -— (1-p)] 
Tne lower bound is tne largest value of N which <sétisiries 


2 
(N-1)(N-2)p + 2[(N-2)p + 1] < 2pCT/cD 


mieeepeer bound was chosé€n for computations because of its 
Simpler form. S0, an upper bound was calculated; then, 
successively smaller N values were uséd to evaluate equaticn 
(E€), the total cost equation. Optimal N wasS the lergest 
_—meoreeN © OF which the total expected cost continued to 


decrease. 
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Mememeeciaoter will tiryst present a discussion of the 
Meowememee Of the ratio of tne shipping cost tno tne aeléey 
Seem ord t1nern exemine tne affect upon optimal sclutions of 


Wee oSecertain parareters. 


4 


ee TRANSPORTATION-VELAY COST RaTIO 


© 


“ie 


> 


Memeo: the expected total cost equations, (2', (5S), and 
(S)y consist of a sum of transportation cost ana celav cost 


terms. Tne general form is 


~. 


:Y 


ty 


EOp—memer A) + Chal 
Meee Sf and 8 are specific terms anolicadl? tc each 
Peeeeenatvaive and are functions or p and N or &. Minirizine an 


Seeeerton in tnis gzenerel form is eCuulvalent to minimizing 








HiGemeee= A + CD(S) or 
eo ck 

BCP = CT(a) + BR . 

GD CL 


Peemeumere case, aS lome as the ratic ct CT tc Ci are 
Sects Ven «6thournh «6trey€6 6take on different values, the 
MMtimal solvtion will remain the same. While optimal N cr a 
Deere Same, the total cost chaneses hy 2 rultizlicative 
ere, lt OOtn CT and CD are doubled, tne totéel cost 
will double. 


Smee une Fyolic marks Center <¢<t Cakléerd ris not reer 


(1s 
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memo or De Ovigde an EStimate of Frouna-trip trarsportation 
eeeeeoe st ror NoG, VUakland to NARF, Alameda, the analysis in 
Meeemetmesi1S will consider CT to ne @ constant value ofr S1¢¥. 
Delay costs per period must te provided oy tne NA2F ana are 
femmeeseeaVvValiable. Sirce delay costs are expectec to vary cy 
Meeeereepart and transportation costS are nAot, it was 
mpm rocd MOTreS meéenineitul to f£1x% tne CT value and vary tse 


CD values. 


Seeenwee Al SEEATIOR OF THE COST CURVES 
Beeeure < provides graphs of the Ovtimumr excscected total 


ate Lae ee! 


ac 


cost (HCP) eros Ue Ur@mcmility Of &@ cemanc f 
three alternatives. Tne delay cost (CD) values were cnosen 
mmmmerorDCOVvVic=S an indication of tne ctenevior of tne cost 
curves over a broad renge of delay costs (CD) ana are ot “xo 
Semmemeerear Sienificence in tnemselves. As would te exvectec, 


an increase in either delay costs (CD) or prebdability of a 


f 
A 


nj 


"CE } e 


= 


demand (p) increases tne optimum expected total cost 
momemeeeaiea. VETY Small values of CL, tne optimam exrected 
Peewee st ls Extremely insensitive to cnangeées ir p. 
Pewever, as CD increases a relatively smali cnange in op 
Paemeecomoientiticant increases in the total costs. 

There are a few more interesting points to be -gleered 
meemmieturel cs. FirSt, Within éach alternative. tne FCF curve 
for Cir=9¢2 and CDU=f¢ are survrerimposed ror small velues of 


Pp. investieation Pas revealed that they depart at that p 
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riereme. Optimal Total Cost Curves AS a Function 


eee ema, CD for Ail Alternatives. 
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Peeteneeemat CalSeS Optimum w OY K to charge fror i te 2 fer 


{D 


Meee la tect. tre £C™ curve far ary CO value will s2ear 


eras Same Gileve =. UNGil the smaller CL value reacres the 


> ex 


iJ 


[eee tnat Causes Optimur N or fF tO cnange from 1 = to 
Dueeeeeeo tne Optimur Nor & ror very Small p values is 1. 


SememereesSOn fOr tnis lies in the definiticr of tne rorels. 
eis «=6COOlCU AMC acre hc], there are no delay costs, sc nO ratter 
meme Value cr CL, cnly tne transportation cests will 
meeemieoute tO the total expected cost. The other seemerts in 
thee ECP curves are also corresron¢d to constant values of N 
feet tact, the #8CP curve mav be throvent of as a 
morteewernatlon Of Mery differemt curves, one for €ach value 
OfreN or 4. With large CD values these Segments of the curve 
See «—OCOU:CP Case aA Value of N or f£ 1S Optimal over a wite 
range ot pvalues. AS CY cets Small $0 1066S the range cver 


Meera «particular N cr « is ontilfa [oe Cu sy eme cr 


f= 
2 
: 
e) 
= 
a 


Meweeopears tO be srooth, tackine the sSeements oat the 
larger CD value curves. 

Pees COUNT)6©WOFThOlh6USctaAting 15 that tne ortimur total 
mecedmmenst £O0r a Darticiier CP walue 1s the seme tar ell 
Meneses aditermatives wren N or £ = 1. Again tais stens fror 
Peemeewetceat the citernatives dittfer oniv in NnoW expected 
merece Ost> are determined. if there are no delay costs, 
menor esS —1, trere is no diference in tne altérnétives. 


eee omoleanrly Sno’n in figure 5 by tre grach for CT=1¢F°. 
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Dace oi cu LTont tCOmemObne> thet trere is little 
mimemerence in tne total expected ontimur crest fer any 
meee. [| LLL UCUtCMrree)6UadImvTerrnetive canst curves nave CeéEn 
me@eeon t£2e Same grepn for varicus CU values in fieure &. 
meme tne whole spectrum of CU valves trom 1 to 1¢%, tnere 
Mere Ciirerence in total cost at any poirt. Lifterences 
Sumter t ine uishabtble Tor Ci=1, wnile tney are rercerticle 
memeen not substantial fer CD = 2F, SC, and BH. The Cr=1rF 
PememeecnOws ail three superimposed witneno difference amore 
Eero the alternatives. This is because ortimal N or &A are 
Mommeecna Nence only the delivery cost term 1s positive in 
Hie Expected total cost equations. rer tre three CP values 
Beommeooweaitrerences among tne alternatives, tnére is n09 
one alternative that always provides tne lowest tctal cost; 


feummerg OVET TNE rengfe of ail ovalues, tne most ravi gear e 


(uo 


alternative varies between alternatives 1 and 2. For tne 
eemmereve tes, it is interesting to note that 4alternative 
Segreremaroduces the ilowest total cost. 


Pees 4+ )«€6through 6 depict averdes total cost versus N 


foeeergmeepiree Specific p values. Again, tnese curves af 


Dp 


eeewere ten out the points Nave been connected tor clarity. 

meee ali taree models reduce to tne deterministic medeél at 
p=1.¢, tieure 1 (presented in Chapter II) rerlects all 
Pete eves tTOr p=l.¢. All three alternatives show the sare 
Phemas. tnce afain the low CL valueS sroduce a very flat 


curve showine insensitivity to N Opec values waile tre 
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7 


Deni metmyaltie, tne more iJ—-sneped tne rCF curve 
becomes. The same tehavior also occurs aS p increases. 

meme nryicular Ci values, figures 7, =, anc 3S show the 
Seems le;,) tUNStTIOn OF Optimal N or K Yor alternatives i, <2, 
Bee | =6=6C TECSpPECTivelvy versus tne provdabilityv of a Cérard., Tha 
Memevi0r of alternative 24 mS consistent for all values ofr CL 
femeecand Ircicetes tnat 325 The crcbability of a “emarce 
[eee agseS, tre optimal nvuemder of units to be accurulatel 
Momeoe a delivery is meade increases. However, altéernétives i 
meereaisSplay Cehavior not consistent across the p values. 
eee e se =iven CU valves tes adlternatives i and 2 snow én 
increase in optimal Nas p increases for very smali values 
Dern c@GtpuonmetO This, tne functions for Ch = 22 and FZ 
also show a decrease in optimal tN’ @S p inereasesS fer larezea 
Pemeeemore oO. Ine Key TO this b€navior lies in fieure 1i¢., For 


CT 


Pome Ok, and YU, the delivery ccost term and the delay 
SIammeerm eave JYCen pniotted s@€perately tor severel Ww velues 
Momeecereertative il. hor Kh=1, the only term involved in thre 
Moe COst 1s tne delivery term. However, for WV>1l tne 
PeeevetTyewcoOStL term quickly tlatteans out aS p increases. on 
Peoeteiami The aelay cost term increases appreximatéely 
Metemary WIite Dp. 20r small op values, th® Savings in the 
BoemewervyecOo, term redlized ty en incréase in N is more thén 
tre delay cost increase. However, wnern g¢ becomes lars tre 
Preece i vemaelivyery Costs are overwnelmed ty the increéesées 


in delay costs and iower N valves again become optiral. 
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Figure 16. Delivery and Delay Cost Terms tor Alternative l. 
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Memeo: «Che Stalir-steo curves for alternatives 1 and $ fcvea 
Peet. = Lhe time Cl=S2, the decreasing <stéir-steos 
have disappeared ard optimel N values fave become very srall 
Meet 6CUsneChCU2). SCF 6scn 6 6sméli 6 6Ovalues, tne sévitiss in 
Memeeportsation costs in soing from N=1 to W=e srerains rore 
Mum I NCrease in the délavy costs for tne niener zr veluées 
mere N=c iS optimal. 

Meemmmeoice yl) OF the Cost Curves for alternative 1 fcr 
Womens Values of N cornletes tne picture. Figures 11, ie, 
fm «6c NOW 6 6CENE €COoSst «curves for sé@véral W valves for CL = 
fee, are 9. VYnen CD=5/, note trat tne curves for N=2 ard 
Memmmerross twice. Tne N=3 curve produces a more favoréerle 
total cost retween apnroximately p=€.c¢ and p=¥.5 while tre 


ae tS 


mM 


Mermmeurvye is 1le@ss costly tor the rémalring p velu 
aeewemeee te restireg tnat for small p»p values, say 1°Sss than t.¢, 
Meee te rence between total cost at optimal “ ene one 
[—wee@er thar or less than tne ortimal N iS not very 


SEuostantial. 


eee eee NATIVES COMPARED WITR RESP2cT TO UNITS 
Peievenet ANT PERIODS ESTWEEN DeLIVERIES 

B@eeeeLOp @fapn cf figure 14 saows the ontirur velue cf N 
for alternatives 1 and 3 and the expected number or periods 
hetween deliveries for alternative 2. AS ex pectecd, 


meoonaerye © alWeys provides t22 smallest N valves since 
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Sommurd= aoé< rot Pefin wuntil Geer first ssenerd 
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oe 
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Meee ot tCr a narrow range or oo values around a oe 
Bape ct ed number of Denied. Retween GCemierTiLec 907 
Smee tive < is larger than tnh® ootirur rnurrer or yeriods 
Meare ternatives 2 and &. In addition, the aiternative 2 
Meee OCS Off to infinity as p goes to zero. 

The twO bottom erapns or tieure 14 compare the cutiral 


Nwmoer of Benits Gelivered Muma@er alternative -- wit tae 


expected number of units delivered under alternatives i and 
Oo. All alternatives snow tnat the number deliverec increeses 


Rowe ancreasing p even though optimal wW for alternatives 1 
ane, OS increase and tnen cecrease with increasing cc. Tre 
See > ln tre curves for alternatives 1 and ¢ correspond to 


Cimemees in optinal N values. 


Cemeeeeny COST FXRAKPCINTS 

Meee’ 15> displavs tne smallest CD velve for whic tae 
Oompa Value for N or & is one versus tne protability of a 
eee orewexample, tor altéErnative 1 end a particulér p 
memtemm it 15 most sconcmical to schedule deliveries every 
Mememogetor <@ reyair pert with a Gv valu@ tnat is ereaeter 
mor edual to the (~,CD) point on the curve. Suppose that 
meee pest Estimate of tne orobalility of the cémanc tor 4 
@emiicular repair part is F¢.é, u2der aiternetive Z 
Pel yeries snould te scneculed every period ror répéir ferts 


Mepemcelay costs per pericd greater than or eyuel tc $72. 
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aidacs eee tor comld ne wuece 


er 
Oy 

ift 
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M4; 
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ny 

ct 
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ot 
fT) 

Ga 

be 


meee i hime weetner ean iter should be held@ ir an on-site 
MuweeevOrvy at tre NARS or as inventory at tne NET. Anv revair 
Merete with a CD value preater than the applicable point on 
Mememeeurve coOvld pe considered for stocKaze eat tne wah 
Meee This criterion, alternative 1 would result in fewer 
Seememactes £9r stocKage at tne NAVE. At low values or p, 
aiternative 2 would yield few2r candidates than elternetive 


Summ S PY incréesés tne cittference between tnese two 


memes Narrows substentially. 


tal 


pean Tt Mae GONG To keen 


ta 


fees MOLSIS UNI 

Time constraints can evolve from several! different 
emeeees. IWO SXxamples are when higher authority dictates 
Peeemei-wide constraints tnet must te met, or wnen é&é time 
constraint is volurtarily imvnosec to ensure c-ustorer 
Seummeeeere 51 On. NO matter whét tN® source, tne réniom models 
can he used in the environment of time constraints. The 
erence tcy for e@€ach alternative hes CEEn céerived for 
Memmerors OUrpOsSe. In general, if tne expected asclay fer tne 
emer sOolution does not Exceed tne time constraint. tne 
Peommal SOlUNLon remairs uncnange?. Thus, to be inccrovoratéed 


Meat O Meee erandom rodels, the time constréint must te ir th 


ys 
iD 


in 


Pagers a5 tne expected celav, wnilena are the vericd eer 
muememede!. specifically. if the period being used is 4 days 


meee e ume cCONStrain?t 18 2 days, tae erpected deéelav Trav 


42 





Seroee OU Y,5 DeTiOCcs OF the ODtimum solution will change. 
If the corstraint alters tne Oi weed: SCemit Ot. tre 
Meera nt «2S |6UeCcLtUaGlIiy implying a aelay cost in Excess of 


meoeeused in tre origirtal computatiors. 
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eee ATOR, TOCAETESMATIVe 1 








Beith oe Miewer ent aliOmenat Scr te tnagive 2, 11 is 
Peasohnaodle to expect tnat a aelivery truc«*« will be reserved 
Meee «=©6hSCONCCUled)6 6de€livery tor some time inte tne futnre, 
Say tora quarter or ever an entire yeer. Fowever, if no 
Mme OCCUTS Up to tne time of the scnédulec celiverv, tnet 
feeeeery WOuld be cancelled. Since this cancellation ceculd 
meee) 6©6MCKME!CUuntilS 6Uimmediatéely before tne delivery wes 
emer: TO Rave réeén made, it 15 also reasonable tec exrect 
Semeere’e to be levied against the NSC to cover costs of the 
Meeerve] PUL UNnUtLIilLizec truce. Currently tne rv¥o does net 
imeeee a yenalty ror cancellation on NSC, Oakland in Such 
Siieetes tances, but it 15 not unreascnable to exsrect it in 
Boemeeuture, eSpecially if the direct delivery foliry 
Meeeerses The numtéer of such cancellations. 

[ee rerore, ae Todification to alternative i te includs 4 
Demememy for Cancellation is desireatle. In tne tfollowire 
Meeowsesion, tet PC be the penalty incurred for canrellirg 
Meemeccneaculec delivery. for a fiven N, it there 1s 4 démardad 
imamememiirst N pericds, the expectet cost cer weriod 1s 
meemen-=cd from tne cesic modél since no penalty is incrvrred. 
ineeetmere is no cemard in the rirst N pericds anda at ieast 
Smemdetmana in tne next N periods, a penalty cost in irenrred 


Bpd the average penalty cost per period 15 FC/2n. Tne 
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meeocidted probability of no demands in tne first N periods 
and at least one demand in the second N periods is 


N. \ 
(iene il = {i-5) |. 


Memmeerre 15 no ademéend in tne first 2N periods and 4t 1l1€4&st 
ore demand in tne tnird N periods, the average penalty cost 
Memeeeeriod would be 2°C/EN and tne protabilitv of tnis 
Ge@ewrance would re 


2N N 
(=p). [to (i=p)7 4 


In general, the average penalty cost ver veriod for ro 
demands in («-1)N periods ana at least one demand in the 
last N periods is 

(K-1)PC/KN. oe) 
MmemaesoOCiated probability of tnis occurrence is 


(K-1)N N 
el) et =) (elo lee ie 
Combining equations (11) and (12) ard summing over all 





eee x values yields tne expected penelty cost per 


- 


pepod as a function of N: 


co 


fe=-1)N N 
EPC(N) "3 [(x-1)PC/KN] (1-0} f1 ~ (1-r) J 
aa 
vl < (e-1)N 
Sey Ne C/N (ia) ea 
aw 


McMasters [Ref.1] has Shown the infinite sum is equivalent to 


N N 
f=in(i - (i-p) | “7 (i-p) . 


Thus, the expected penalty cost per period is 
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PCO/N - C/N 1 - (1-pd) So: soon) OA ee : 
Memeo, then, 15 the aaditional cost that must te added to 
Gcuation (2) when a penalty for cancellation of & scneduled 


Peeve Try is imposed. Tne total expected average cost Low 


becomes 
. 
eee = 2c" + (CR - Ec Tee? ee 
Ny 


N 
+ DOD (N=1 1/2 eee a) a) 
N 
eos 

Memon cop) Of da penalty tor cCdadmcetiation cnes NOL encly 

Memeervernetive <¢ since a télivery would be screculec only 

umes twnits neve teen orceréd. Neiltner does it apply to 

alternative @, since a delivery weulc be scntnculed (h-2; 

Pememeeeoci ter the tirst démana was received end the délivery 

wogeeeeeeece | 6frad? even if there were no ficre ceran?s us to tne 

emery tire. Althover tre concept of 4 ctarcellation 

Mewes Het reasonable for altérratives 2 arc 2, it is 

Pemeomatle tO expect a hieher charee for a trucsx that iS net 

meeeeeramin ecdyaence. If tnis were the cese, tne apirecricte 

Memmevery | cOSt WOuld have to te used in calceuleatiors fer 

Oemmermatives 2 and <€& in order for velld comparisonre ton té 
Baa . 

Peperes IC and 17 show the attect of the cancellation 

Caren’ « We 


Meet y o1 tre totel cost curve for Cu=cd arc 


uw 


? 


mameerooeice. Caretui inssection of fienmre 1s jludictates 
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DprA SneT Total costs “or léreer penalty cocts in tne 


Mmecteraeve ry 1. tl lo erect On teectetel -cst as 


t 


lew ran-e cf 


WS 


Meeeeeoaches i.v. “his is reasonable since more delivery 
Memeeeraticrs would be expected wnen tne orctability of a 
Mee? 1S low, Also aS would te *x*rected, the optirrvm nusyter 
Mmmeperi ods between aeliveriés 15 increased with tne penalty, 
Pemeoeoeen it fizure 17. Finally, the values Of oOptirai Kh co 


fee recse witn » for very low p valves as sé€€n in tre 


4 es \. 
case wnere FCrcd. 


47 





GRC Gaal 


TOTAL COST 


100. 


80. 








Ee 
60. wn 
& 
W 
era 
= 
WO. S 
= 
ed. 
0. 
PROBASILITY P PROBABILITY P 
100. 100. 
ae = 199 
80. 80. 
— 
60. m 460. 
© 
es 
zal 
cL 
4d. ae sae 
—_ 
20. 2d. 
Q. 9. 
0.0 0.2 0.4 0.6 0.9 0 0.0 Bia 0.4 0.6 0.83 1.0 
PROBABILITY P PROBABILITY P 


heowre 15. Total Cost Curves.,.*0r Alternative 1 


wita Cancellation Penalty ana CD=2¢. 


48 





NUMBER OF PERIOOS N 


NUMBER OF PERIODS N 











=< 
Nm 
ey 
© 
c 
LJ 
GC. 
Li 
oS 
ce 
LJ 
oO 
= 
= 
Fae 
maoseeilL ITY P GReeeelLiITyY r 
10. ¢ ™ 10. = x 
PC = 50 PC = 100 
8. 8. 
z 
+ 
ao 
= 
Gy fe ao 
ud 
Ow 
LE 
oS 
uy. 4, 
Ge 
Loy 
co 
= 
a 
2. = ick 
0. n. 
PaUSAo ILI TP PROBABILITY P 


Greure 17, Optimum WN for Alternative 1 «ith 


Cancellation Fénaltyvy end CL=H2e. 


49 





Ve GONG bao ois 


mmoodtly tne most significant ena scrrorisine resrit of 
Meee orecedirgs analysis is that tnere is very a te ee 
Seeeeerence in the optimal expe-ted total costs per feriocd 
feeeeeeone tnreée alternatives. Aitnoue~n tre ealtérnarives 
emer substantially in form and erphasis, the resulting 
Seema CTOtal costs are emazinely close. 

mee comment was mace in Chapter III that the crtizal 
Seeeeeon 1s da fynction of tne CL/CT ratio. Thus tne 
Pomeemmetric andlyses also apply to other CT ard CO veltes a€s 
home 4S tne ratios are tne same as tne ectuval oneés used in 
chapter III. 

emernemacd very COSt per prim 1S vecusmmered Tixkec, tHe 


Pelee ver With the most imbact on tne eee te Pee sa rs 


MD 
es 
3 
iD 
© 
ot 
‘D 


e wher Ce 1s 


ty 
iD 
ss 


ty 
Qu 
— 


tne cost of délay ver périod (CD). In 
See cey less tnan CT/i@@, tne experHed total cest is 
Beeememely 1nSensitive to cnénees in p. AS Ce increases, tne 
eer assOptiral cost values increase. Howsver, the Tate cf 
mm@erease becomes less as p tecomes terre. 

iemewesmeals Oo SHOWN taat under alternative i, ter small op 
feeeves-s  t2e tote] cost is Frdadther d4sernsitive to srall 
Smemees away from cptimel N. Tails 15 also true Tor tne otrer 
two alternatives. 


Pitermetive 6 never Oreoclced an Optimal cost tet «cs 


50 





Meee nal “ct. otner alternatives ror ary » and CT velue. it 
1d Swiltcn around cveéetweer second 42nd third test “or moet ofr 


tne CP and p value corsie 


‘D 


red and did tie wita t1e© 8 ctTaers 


Mm 


Meee =l and ice. Its expected total ccst function was élso 


Gwe. AS a 


t-2 


femees COMPiexX tnan tnose cf alternatives 


feumeeee nce, It appears that alternative 2 if not wortny cf 
momeroen COnSideration. 
Ali thinzs considered, alternative 1 appears to te the 


teemereaSOneable stratery for an NEC to adott. It allows 
emer >) tO be Schedtied in advance, which 15 ty far the least 
Mememetencive elternétive. It 15 often ThE most cost 
eigeeeteve and when it is net, the ditferences in total “ost 
are emall. iene when 9 cl De mcrunwumeOtummccr collation isc 
immo orated, the total cost cnanees very little. 

Meer s OMe Pedson, IMpleMentatloneon eltner alternative 
Peewee S CASieCr, tne anrdiysisS 4545 S$HCwn [nat tne expected 
MmueemeecostS will te close. Theretore, the finel criterion 
momewaich alternative snould be cnosen 15 essentially ease 


cf usarve and implerentation. 





— 


feecve! Pasteraduaete Scecr001 Fevort 
Meme itine Fepair Parts isuveatorl 


Meyes Alr PeC€workKk Facility, tv 4le 


April,loei. 


ec 





oe 


Cri 


HN 


x 
4 


ie hee eee UT ee ee 


Mer=2@nse “achnical Intormation Certer 
Bameron ©tétion 
MepeXxarndria, "iresiria 22514 


Beeense loristics Study Intormation Sxchanee 
Meeeved states Army Lofistics Mandgement Center 
Mert lee, Virginia <ddsér7l 


Meeerery’, Code £147 
Naval Fosteraduate fcnool 
Monterey, Calitornia [28944 


meapearyment Chairmas, Cede Ss 
Mesartment of Operations eseanes 
Peval rostgradvate School 
Monterey, California 9d5S4V 


Mo 


2) 
(7 


mreoressor Alan«W. ‘Yetasters, Code 
Meer {ment Ot Cperetions Feseaercn 
Naval Postgraduate Scnool 
Moneterey, California ISY4E 


Peeper essor Paul &. Miilch, Code £5 VA 
bewpartment ct Operations Researcn 
weveal Posteraduate Scnool 

mompeney. California ¥3942 


ieerary = ))en Davidson, SS? USN 
1¢4 Dove Lane 
Summerville, Soutn Caroliza 29443 


Poececton, Operations Analysis UGiiicze 
Code J&.2 

Naval Supply Center 

Saeed, California 46245 


Mr. oe. Jv. Liekerman, Code 43518 


Naval Supply Systems Command 
Wesnington, ~-.C. 2¢ss57 


oP 


2 


cn 








Mee LCDP J. P, Bailey. Cove 47 
Meval Stiovply Center 
Meer ieeo, California 92122 


Memmoeommanding Ofticer, ATTN Cole 24 
mae Frlie€et Material Svpport Ufrice 
Mecnanicsburg, rernsvilvenia 1750 


[eweeola W. F. Fenefiel, Code b¢2 
Mewa!l Air °ework Facility 
merval Air Station 
Meeemedad, California 3451 


54 











1928 99 


Thesis 
DLGS5 Davidson 
ee A parametric analy- 


sis of three models 
for direct delivery 
by a Naval Supply 
Center to a Naval Air 
Rework Facility. 


65 
metric ana 


iii 


th 


iit 





